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In the General Accounting Office-(GAO) endeavor to monitor cost, 

. 
schedule and perfZ?i&&e characteristics of developing major national ' , 

-\T 

! 
programs for tha Cofgress we have reviewed the Fast Flux Test Facility 

a. _ ' (FFTF) i rogram of the Atomic Energy Comtssion (AEC) FA 

./ 
- 

/ 
5 

The FFTF is a major Federal program whcse unique design, technology 
--‘i. 

/ '-. 
---. -.. development, and constzon has proceeded concurrently. As of Narch 1974, 

'.. -. . . 
design was about 79 percent complete and construction 30 percent. The 

‘/program has experienced difficulties in meeting estimated costs and 
, / 

expected completion schedules. A number of design changes have been 

\%.. - 
__=- / made since authorization but agency officials believe these changes 

.-- 

have not adversely affected performance characteristics of the facility. 

The main problem has been'one of translating an incompletely defined 

concept inco a practicable operating program of desired capabilities. 

The FlTF is to be a key testing facility for fuels and materials 

used in liquid metal fast breeder reactor (LMFBR) programs and a tech- 

nological fore-r unner of commercial fast breeder teactor plants. .Fast 

breeder reactors are a high priority national effort to meet electrical. 
/ 

energy demands with economical nuclear-power plants. 

In.addition to the FFTF, AEC plans construction of IXFBR demonstration 

piants, the first of which is scheduled for completion in the early 19807. 

Both the FFTF and the demonstration plants are essential to a successful 

commercial program. A major objective of the FFTF is the testing of fuels 

and materials to be used in demonstration plants and commercial LMFBRs. 

The objective of the demonstration plant part of the program is to demn- 

strate the commercial feasibility of the overall LMFBR power plant system. 



COST GROWTH 
. 

The estimated cost of the program has experienced substantial growth 

since congressional authorization in July 1967. The construction project 

then estimated to cost $87.5 million, currently is estimated to cost $42G 

million. Suppoiting costs for which ARC officiais state they had not 
I 

prepared a coupjete estimat, at the tim e of original authorization, are ' I 
currently estitited to be an additibnal $507 mil ion. (See p. 8.) 

I j __--- --- , -. 

Pnrther, the &ginal est;Lte was,presented to 1 the Congress in March 1967-- 
I 

substantially in advance of'ythe real.design effort needed to reasonably 
-_ 

estimate the ultimate cost of this highly complex research and development 

project. The firm FF‘TP concep-Gal design was not completed until February 

1970, about 3 years later. At start of construction, only a limited amount , 
of detailed design effort had been a ccomplished and Ct probably was 

unreasonable to expect that a realistic cost estimate could be developed 

so early. ARC in one case lid not promptly present a cost estimate necessary to 

keep the Congress advised of anticipated major cost increnses (see pp. 17 
I 

io 181. 1 

ARC's cur,ent estimate may again have to be increased since escalation 
1 

rates and forecasts currently being experienced are significantly higher 
I 

than those anticipated at the time the estimate was prepared (see p. 16). 

Besides escalation, other causes of cost growth from original: estimates 

were inaccurate estimating, design changes, inadequate scope definition, I 
I 

changes in standards, and schedule delays (see pp. 14 to 15). 

/ 

. 

I 
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SCHEDULE SLIPPAGE 

AEC's estimated date of completion of the FFIF has slipped 5 years 

to November 1977. The latest date may still be optimistic if severe 

problems are encountered, such as those which occurred in some other 

reactor development projiects. 

AEC officials advi&d us that the 5-year delay in the FFTF has not 

caused the delays that have resulted in deferring completion of the com- 

mercial LMFBR program from the mid-1980s to the late 1980s. AEC attributes 

this slippage to delays in the demonstration plants which it states are not 

controlled by FFTF availability. 

AEC officials also alfvised us, however, that after FFTF reaches full 

power operations it will take about 30 months to test out the initial fuel 
. 

to be used in the FlTF and in the first demonstration plant. It has taken 

about 10 years to bring a light water reactor plant isto operation from the 

time of ordering. Assuming the same time frame for LMFBRs and no further 

delays in demonstration plant or FFTF development, this would mean the 

earliest date that the first commercial plant could be in operation would 

appear to be about the early 1990s. (See pp. 19 to 23.) 

PERFORMANCE 

Several design changes have been mad<. Since project authorization the 

number of initial closed loop test positicns have been reduced, flux rates 

have changed, the reactor core and vessel outlet maximum temperatures have 

b%en lowered, and certain examination facilities have been combined with 

maintenance facilities or deleted. AEC states that the changes made in the 

FFTF are within the ranges specified in the original project authorization 

construction data sheet. 
-3- 



SOme of these changes were made to make the FETE's reactor more';.. 1.; --.-.. 
.f--- 

typical of future facbK(yder reactors. Combining separate maint+nce - .- -...-_!~-,. 7 
i 

and examination facilities into one facility could result in test delnjts \I' j 
- with a restIlmpact on the LM-FBR program. (See pQ. 23 to 32.1 ’ ‘i 

/ 
/- 

.rj . 
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MArTERS FOR CONSIDERATION 2 4 
a t 

' -7 .- - , L '., \ en authorizing complex research and development programs, the a 

Ad' 
2 

Congress may wish to requir$ at AEC's bupportlng cost aud schedule j \ 
I 

.q 

-“-iestimates be (1) complete as to the inclusion of all major associated .a 
--. --. 1 

2 
i 

project msts, and (2) based upon relatively firm designs. Critical I 
: / 

milestone rstimates should e submitted to the Congress in a timely \ 
lj 

.I- 1 t 3 8 I 
_ i manner to preclude incurring subs:antial project costs before sufficient 73 / , 

'( _ ___ _/f '. 
s 

data- is available c6r informed decisions. Also, when such estimates 
.3 4 3 ; ~.. ii' 

* are based upon conceptual designs, tbe likelchood of overruns is sub- ? 
"f 

i $ 
stantially increased. When maj.or cost increases appear likely, AEC 3 I L 

$ 
should promptly advise the Congress of the anticipated cost increases -: 

4 i r 
and changed 3r redefined critical milestones. 3 

j P 

i The Joint Committee for Atomic Energy may wish to explore with the 

AEC the iesirabfllty of adding separate examination and maintenance 

facilities to Qrovide such additional capabilittes to assist iC meeting 

i 

Y 

the Nation's goal of energy #lf-sufficiency. 
1 
9 

AEC concurs with the above suggestionsand states that action has been 

taken consistent with the GAO comment concerning submission or eipQropriate 

supporting information to the Congress for consideration in authorization 

hearings. AEC also states that examination and maintenance facilities 

would aiso be pertineiit to the LMFBR program and is evaluating the need I 

for such facilities as a part of that program. 



h 
. . 

I 
FAST FLLX TEST FACILZti - 

SYSl'M DESCRIPTION \, , 

The NaCioo's demand for electrical energy has nearly doubled every 

10 years because of per capita increases in power consumption and 
. 

growing population. The extent to which nucl&r power will be used to 
1 

meet the increasing demand for electrical energy may depend upon the 
c 

tte LKFBR progI:rn 

-' I 
success of AEC;s highest priority civilian nuclear-power program -- 

! / . 
t 1 . -The--L&$R program 2‘s' intend'd to develop and 

--j ._ f 
, demonstrate the safe, reliable, a& economical implementation of ._ 

'\ 
fast breeder reactor power '&ants;-: -It involves participation by 

AEC laboratories as well as a significant number of inclustrial. and -_ 
utility companies. The FFTF-located near Richland, F!ashfngton, 

is the key test facility in the LMFBR program. 

The LMFBR, utilizing liquid sodium as a coolant, is one of the possi- 

ble heat sources for electrical energy production within reach of today's 

technology. The LHFBR produces more fuel than it consumes and the 

Nation's power generation capacity could rise to meet increasing power 
I 
I 

demands without +tically depleting available uranium rebxrcas. 

In additionto the FFTF, thr? AEC is plxning for the constxction of 

LMFBR demonstration plants, 
! the first of which is scheduled for completicn 

in the early 1386s. Both the FFTF and the demonstration plants are essen- 

tial to a successful commercial program. A major objective of the FFTF 

is the testing ofifuels and materials to be used in the demonstration 
I 

plant fuel cores and in commercial LMFBRs. 
i 

'ihe objective of the demon- 

stration plant par,t of the program is to demonstrate the commercial feasi- 

bility of the overall LKl%R power plant system. 

\ 



An artist's conception of the completed FETE is located immediately 

. foll.owing the cover page of this staff study. 

._ SCOPE 
. 

. 

GAO has previously reported to the Congress (3-164105, of September 23, 

1970, and August 17, 197lj and to the AEC (letter of June 29, 1973) on 

cost and schedule problems encountered on the FFTF. Because of subsequent 

1. 

additional cost and schedule overruns, as well 3s a desire to examine the 

perforrcance aspects of the project, we selected the FFTF for inclusion 

du our annual major system6 reviews. 

A draft of thitc study was reviewed by agency officials associated 

with the management of this program and their comments are incorporated 

as appropriate. 

Details of cost, schedule, and performance data from inception of 

the project through June11974 follow. 
! 

- 
.- 

-6- 
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SYs_r;zu COST EXPERIENCE 

../ 
On May 21, 1966, th'@ngress authorized construction of the 

an initial authorization of $7.5 million for archirect-engineer design services. 
\ : 

> 

The term, FFTF psjzas used in this report, refers to the construction ' 

of the /- facility while the term FFTF program includes the project and 

l associated,auppcrting costs. In July 1967, the Congress authorized an 

additional $80 mUlion for consul ctian of the project, bringing the total / 

'-‘to-.$.g7.5 million. 
/- 

---.. 
AEC headquarters officials advised us that, at the time 

of initial authorizations, AEC had not prepared complete pctimaces of all 

the assocfated supporting costs,for this project. Commencing +th fixal 
0' .I year 1969, AEC provided annual fact sheets to the Congress which included , I 

the estimated costs of onstruction and some of the associated supporting _ 
/ 

costs such as research and development, additional capital equipment and 

oger.riing costs. Eegfnning in Kay 1973, the agency significantly improved 

its presentation to the Congress by disclosing in one place the costs 

of the catfre FFTS program. 

AS of June 1974. we estimate the ccst of the FFTF program to be more 

Zhan $533 million. AEC plans to spend about $13 million from other program 

funds at ?ater date for two addftional closed loops. 
/ 

A comparison of the current cost estimate with prior AEC cost estinates 

is presented below. 



_ 

. I Estimated costs (in millIons) 
Congressional Start of First program Current _ 
authorization construction cost estimate estim.zteL 

O/671- (71701 (5/7'33 (6/74) - 

Capital funds: 
FFTF project I $87.5 
Other capital equipment 

(non-project) a 

Subtotal 

Operating funds: 
Research and development a 
Expensed equipment a 
Other--operator training 

and fuel burning Lor l-year's 
operations a 

Inventory--fuel and 
spare parts including 
fuel cores a 

Subtotal 

Total program costs 

$103 $188 $426 

5 8 12 

. 
$196 $438 

127b 168 288 
82 112 

7 21 26 

a 

$509 $933 
--- 

aAEC officials stated that detailed cost estimates for these program elements had not 
been prepared at these milestone dates. 

b Includes about $41 million for expensed equipment; however, the extent of th-se costs 
was not separately ideniified to the Joint Committee on Atomic Energy until Feb. 1972. 

'By letter dated Feb. 23 , 1974, AEC advised the Joint Committee that its current estimate 
for the FFTF program was $925 million. We increased this figure to $933 million to 
account for the contractor’s April 1974 FFTF cost trend change of $3 million. Omitted, 
however, are the costs which fill be required to take the facility from sodium fill to 

* the time the reactor will be ready for testing fuels. AEC has not yet finalized its 
estimate of these costs. 

. 
& . 
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_MAJOR CWNGES IMPACYIK ON COST 

/ A comparison of amounts included in a contractor's August 1965 

\ -conqtual design cost study with subsequent AEC estimates for some selected . 

equipment itelns illustrates N substantial cost growth which has occurred 
/"" 

--.,fince project authoriz+bn. 
--. 

i . 

\ 

Reactor head ' ‘,A 
/- /'. Primary sodiumpumps 

Secondary scdium pumps 

Intermediate heat exchangers 870 3,213 7,200 

Dump heat exchangers 

Estimated costs 
(in thousands) 

8/65 7170 6174 

$ 300 $ 5,760 $ 7,143 

i,O40 1,792 10,574 

890 1,374 7,049 

2,900 5,100 12,394 

Major design changes 

At project authorization in July 1967 the containment building, as 

conceived in drawings presented to the Joint Committee, was to be 110 feet 
i 

in diameter. Prior to start/ construction in 1970, several changes were 

made in firming up the conceptual design that.led to major space constric- 

tions tiithin the containment building which, by that time, had been increased 

to a diameter of 135 feet. These changes-and space constrictions had 'a 

major impact upon the estimated cost of the FFTF. 

In May 1969, athe FFTF prime contractor examined the effect of these 

and other design changes and concluded that the designed diameter of the 

containment building would have to be increased to at least 200 feet. 

-9- 
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The contractor also concluded that the initfai project authorization of 

$87.5 million was grossly inadequate and that a more realistic estimate wouid 

be about $160 million. A contractor task force was formed in October 1969 to 

firm up the donceptual design of the containment. In the same month, the 
I 

construction management contractor prepared a'cost estimate, based on a 
.I I 

containment building diameter of-225 feet, which indicated the FFTF would 
, i t 

ultimately cost betwe&.$246 dnd $280 &lion1 
1 

The higher figure included // 

costs attributable to potectlal design changes not contractually agreed upon. 
. 

In July 1970 AEC off&ially.advised the Congress that the revised 
'. 

estimated cost of FFTF Plant and equipment was $102.8 million. This figure, --L 

which W::S within the 25 percent cost increase limitation, was based upon a 

designed containment building diameter of 135 ieet and a design that retained 

many cf the space using features which AEC's contractors had asserted required 

a containment diameter of 200 feet or more. Agency officials informed us that 

the 135 foot size was. recomehded by the contractor task force and was based 

1 03 cost trade-offs, maintainability 
1 

, accessibility, and plant arrangement 

requirements considered by the task force over the period October 1969 to 

February 1970.: 
I 

AEC advised us that it first became aware in h'ovember 1973 of the 

adverse effect upon costs which resulted from the space limiting changes. 

At that time, an AX task force in analyzing the reasons for significant 

I cost increasesswhich later evulved on the FFTF project, recognized that 
I 

the extremely congested working space within containment contributed to 
I 

substantially lower construction-labor productivity than initially contemplated. 

I I I 

I 
- 10 - 
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AEC also cited a general loss in nuclear plant productivity due to more 
I 

stringent quality assurance measures, a shortage of skilled craftsmen, 

and changes in seismic codes. 

. 

The task force report of November 1973 stated that the reduction 

of useable containment space also required large amounts of high density 

concrete instead of regular concrete. This substitution, which was neces- 

sary in order to provide the required degree of radiation shielding, but 

with much thinner walls than would be possible w.ith regular concrete, re- 

sulted'in increased costs of about $9 million. AEC maintains that the 

high density concrete resulted from refined shielding calculations conducted 

during detailed design. 

Initial vs. start-of-construction 
cost estimates 

1 

. 
/SC's initial cost estimate ($87.5 million) at project authorization 

in 1967 was based upcn several contractor-prepared conceptual design cost 

studies for a fast neutron irradiation facility. These studies included 

a reactor core located in a pressurized containment structure and several 

externally located support components and facilities. 

In December 1968, AX approved a changed ccre concept which led to 

substantial changes in fuel handling and reactor refueling operations. 

-ll- 
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The initia; estimate was dependent upon the use of several components , 

already proven-An -&-sodium reactor environment. Because off-the-shelf \E I 

item/were not available, however, AEC subsequently was required to establish 

\ or re-e@ablish an industrial capability for manufacture of components 
\ 

of high temperature sodium servi and 
,Y 

to develop new nuclear industry 

=--seFdards for those higher,t&peratures. 
-. .---+--.* -.. 
Several major components and facilities included in the conceptual 

-- 
I’ 

I 

design studies were deferred or deleted from the project and numerous 
\ 

consolidations and simplifyations were made. Some of the more apparent 
/ I 

changes include the deletion of the Short-Term Irradiation Facility.and the J -' _-- / 
kPTF, and modifi&tions to the fuel and materials examination facilities. 

In July 1970 AEC presented to the Joint Committee a start-of-construction 

capitai cost estimate of $102.8 million. The agency further advised the 

Joint Committee thaL this estimate L:;zluded an unidentified amount for 

certain equipment being paid for out of operating funds. Tk!s was the first 

estimate based upon a completed conceptual design. 

1970 Start-of-construction vs. 
first total program cost estrmates 
in 1973 

/ 
On January 29, 1973, AEC advised the Joint Committee it was increasing 

the construction cost estimate from $102.8 to $187.8 miilion and that the 

revised estimate wap based upon aa: analysis of both AEC and contractor, 

construction cost estimates which ranged from $185 to $220 million. AEC 

said that the reasons for the estimated increases in construction cocts 

and ass:ciat4 R&D program costs included the following: 

- 12 - 
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I 

-a need to develop technology and engineering and construct<on 

information, which the agemy had previously thought would be 

readily available; 
I 

-a need to upgrade a limited induatrycapability to produce 
I .I 

firs!-of-a-kind components; 
I 

I 
-an inability toI.negotiate rea6onable ixed price contracts 

/-i I I 
even after design and key development' activities were firmed; 

-exceptional difficultie6 in obtaining qualified personnel and - 'x. '. ' . . 
training new' people; - ~- 

---__ 
--unexpected rapid price-escalation and lower labor productivity; 

-effects of stronger regulatory and associated safety and 

environmental requirements; and 

--underestimating the technical complexity and difficulties of 

certain key aspects of the project. 

I In a letter of April 4, 1973, to AEX'6 general manager, the Joint 

Committee's Executive Director stated that the '*otnl costs assocfated 

with construction of the FFTF appear significantly greater than those 

which were included in the budget data on the construction project. 

He wa6 also of the opinion that the Commission had not fully and promptly 

advised the Committee of the chsnging cost estimates, schedule delays, 

and other factor6. 

- 13 - 
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AEC was then requested by the Joint Committee to provide a current 

estimate of all costs associated with the FFTF, including those in the 

operating budget, as well as any plant and equipment obligations, by 

fiscal year. 
I 

On May 17, 1973, for the first time AEC provided the Joint Committee 

with a cost estimate in one place for the entire FFTF'program--$509 million 

' (see p. @. Since the contractor prepared a cost growth analysis covering 

the entire period from start-of-construction to November 1973 (see below), 

we did not further analyze the cost changes occurring from start-of- 

construction through May 1973. 

1970 Start-of-construction vs. 
Jtlne 1974 current cost estimate 

In November 1973 in response to a request by AEC headquarters, the 

project prime contractor, Westinghouse Hanford Companjr, prepared a cost 

growth analysis for the capital and expense funded equipment portion of 

the estimate. Eased upon our review of the reasons given for the cost 

increases and the contractor's method of allocatins these costs, we 

believe that the contractor's analysis below is reasonably accurate: 

Cost variance from start of 
construction to the current estimate 

(in millions) 

FFTF project cost 
Expense funded equipment 

Variances 

'($102.8 vs. $426.1) $323.3 
($ 41.1 vs. $112.3) 71.2 

$394.5 

. 
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.: H\,.-. 
cost growth 1 category ' Cost change 

i -_ 
I _ Inaccqatz estimate ' $109 

Inadequate scope definition / 
f ' 119 

Seh&nle deLays 54 

Later adjustment by AEC / 
11 

to the contractor estimate 

Contractor-rectimmended 8 
change to &X's current estimate 

Total variar-ce 

- 15 - 

GAO Remarks 

The actual cost )f the design i 
effcrt, and the construction 
and manufacturing effort 
required to meet those designs, 
was not anticipatea. 

What was needed to meet the 
functional requirements was 
not fully defined nor under- 
stood. 

These costs related to changes 
made in minimum requirements 
and safe,ty standards. 

These costs relate to evolution- 
ary changes, such as those 
caused by the expanded function 
of the Interim ExamJnation and 
Maintenance Cell, the change 
of the head compartment from 
round to square, and changes 
in tankage. 

These costs are primarily 
attributable to the time required 
to resolve design problems and 
associated escalation. hddition- 
ally, field costs were incurred 
as a result of the lack of 
design resolution. 

Thesi costs reflect net 
adjustments aade for additional 
equipment a:.~ changes in indirect 
costs. 

This is the prime contractor's 
recommended cost trend adjustment 
April 1974. 



‘. . 
.- ------ -- . .- . 

on August 7, 1974, AEC told the Joint Comm+ttee that: 
/ 

“The inflation rate being experienced and forecast is higher 
than was estimated lsst fail, and the project allowance for contingency 
and escalation included in the current $423 million project estjmate is 
being allocated faster than anticipated. Procurement lead times for 
materials and fabricated items have lengthened substantially, and 
despite management expediting actions the project delivery trends 
forecast a slip in the start of major piping and electrical work. The 
impact of this slip on the project final completion schedule and cost 
is dpTenden^L: upon the time spanrequired for installation of bulk piping 
and e.Iectrical work. At this time, we do not have sufficient field 
experience to predict with confidence the dnstallatior rates or the 
overall time span fdr. this work. Based on icurrent schedule forecast, 
it will be 7-9 months-before sufficient co$t and construction experience 
is obtained to provide a firm,basis for validating the project estimate 
and schedule. ” ‘\ _ _ . \ 

Based on AEC’s assessment it- appears to us that it will again be 

necessary for AEC to increase its_-program cost estimate to reflect rapidly -. 

increasing costs. 

AEC headquasters officials informed us they had not assigned specific 

amounts for the cost growth attributable to the remaining expenditures from 

cperating funds. They did state, however, that in their opinion approximately 

the same factors that caused the increases in the capital and expenses 
I 

ecjuipment portion of the estimate were also responsible for these increases. 

1, 
I 
I 
I 
I 

I 

j ,: 

, 

i 
\ 

;i, 
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Cost estimate not 
promptly revised 

From June 1970 until January 1973, AEC's plant and capital equipment 

estimate held at $102.8 million. On January 29, 1973, at which time costs 
‘ 

totaling about 83 percent of the $102.8 miilion estimate were incurred or 

committed, AEC told the Joint Committee that it was increasing the FPTF 
I 

estimate to $187.9 million. 1 The agency further advised that the new estimate 

could have been considered optimistic in that it was near’the‘low end of 

its current cost estimate range of $185 to $220 million. Even at the 

lower figure set by AX, the revised figure represented an 82 percent in- 

crease over the earlier estimate. 

In June 1973, GAO issued a report to the Chairman of the AEC, recom- 

mending that thr '-T&ssfon develop better reporting requirements (both 

internally and to the Congress) for independently masitoring and assessing 

the progress of complex construction projects such as the FFTF. This 

recommendation was based, in part, upon significant cost and schedule 

overruns experienced to date on the FFTF. These cost overruns consisted 

of the increase mentioned above plus an additional increase of $15 million 

recognized at start-of-construction in July 3.970. (AEC informed us that 

as of May 1970 costs and cormnitment6 totalJ.ed $11.5 million, or i3 percent 

of the $87.5 millIon estimate and construction had not yet started.) 

Ln November 1973, at the request of :he &EC Chairman, AEC and FFTF 

contractor officials developed a revised plant and capital equipment cost 

estimate for the project which amounted to $420 million. This revised 

- 17 - 

. 

. . . .“. _...-. 
. 



- 

estimate, which waa reported to the JoTnt Committee on December 9, 1973; ’ 
\i 

represented anadd-f;tional 225 .~;lercent increase from the start-of-construc- 
:- I 

tion’estimate in effect until January 29, 1973--about loJl months before. 

As in<he case of the previous increase, funds equivalent to a major 
. 1 

portion of the existing estima 
Y 

(j6 percent) had been incurred or committed. 

,I 
K. ---In addition to-expZ&e~ difficulties in assessing the status of 

projects such as the FFTF where prompt, realistic cost estimates are not 

availabie to management and &e Congress, a reluctance to appropriately 

increase cost estimates c& lead to schedule slippages and cost increases. 
,_i ~- 

‘For example, inoxd / r to stay within available obligations during congres- 

s-ioaal consideration of a reprogramming request, AEC stopped purchase 
. 

order placement and reduced the field labor force from 1,050 to 950 

cn March 8, 1974. AEC also advised that unless the funding shortfall. 

($19.7 million) was met through reprogramming, it planned to reduce 

further the labor force to a level of 550 by April 1974. On March 27, 

1974, Congress approved the AEC request for a reprogramming action and 

a -second la3or force reduction was not necessary. 

It appears to us that A& was reluctant to increase its 1970 

cost estimate of $102.8 million until project costs and comitments 

substantially equalled the estimate. 
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SYSTEM SCHRDIJLE EXPERIENCC 
I 

The PFTF has experienced a substantial schedule slippage. In 

Mar-h 1967, shortly before authorization of the PFIF project, AEC 

informed the Joint Committee that FFTF construction was expected to 

1 start-by June i96b, and that full power operation'would begin early in 
I 

1974. Because of/ considerable delays in the conceptual and preliminary 

design effort, hohever, FFIF construction did not actually start until 
’ : ,- .I i 

July 19?0--a slippage of--about.2 years. AEC headqbarters officials in- 
' ,. I 

formed us that achievement of the full power operation milestone is not 
‘\ . . . .' 

now expected until May 1979. 
.\ 

‘--;I -- ...---- 
_ 

At start of FFTF construction;--only limited detailed design efiort _-- -- 
-had been accomplished and, since that time, design dnd construction have 

been accomplished concurrently. 

In early 1574, AEC advised the Joint Committee and a Subcommittee of 

the House Committee on Appropriations that the scheduled date for FFTF 

cons,truction completion had,slipped to November 1977, with no reference 
I 

to the full-power operation milestone. Nor do ARC's project data sheets 

submitted to the Joint Committee contain any reference to the full-power 

operation milestone. In August 1974, the agency adriseci the Joint Committee 

that existing milestone dates are subject to revision (within 7-9 months) 

because of longer than anticipated procurement leadtimes and the impact 

which this may have upon plpiog and electrical installation work. 

(See p. 16) ( 

‘i ’ 
\ 

\ ,; 
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l 

Changes'in significant FFTF milestones since project authorization 

are as follows: 

. Estimated Schedule 
Congressional Start of 
authorizatFon construction Current 

I 
U/67) (7/70) C6/74) 

Start conceptual design 
I 

4/65 

Complete conceptual design 7/66 

Start detail design a 

Complete detail dasigp 

Start construction 

a 

6/68 

Complete construction 4th qtr., 
FY 1973 

'Full poxer operation Early 1474 

aThese milestone dates were not readily ascertainable. 

4/65 4165 

2/70 21’70 

C C 

a l/75 

4/70 7!70 

12/73 11/77 

a 5/7gb . 

b This milestone date reflects AEC's current best judgement; however, if 
severe prbblems are encountered, such as those which occurred on other 
reactors,'a substantial slippage could occur. 

'AEC's Semiannual Reports on.the Status of Construction Projects indicate 
that detailed design was not started until the first part of 1971, or 
after the start of construction. AEC officials informed us that a 
limited amount of detailed design had, in fact, been accomplished before 
start of construction. 

. 
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G stated above, officials informed us they currently believe that'%:“:---, 
"-.-A - / _ full power could probably be achieved by May 1979. However, AEC's exper- 

1 imental breeder reactor, EBR-If, experienced a delay of about 7 years \ i -e l i : 
between construt ion completion and full power. 

/ 
Sodium fili was completed ! 

in Febd ry 1963 and full power cperation 
L 

(62.5 megawntts) was achieved 
_- I 

in September 1970. AEC headquarters 
1 

fficials informed us that full 

power operation was delayed due,to (1) a planned conservative approach 
- 1.. --. 

c-. _ in rai&ig the power i&ice the reactor was a first-of-a-kind facility, 

(2) a change in prograwnatic objectives to a fuel and materials test _- 
-._ ‘\ 
Jeactor, (3) a requirement to main\tain the power level so as to not ad- , 

/ 

'\, '. 
versely affect long-/term exp/eriments, and (4) this requirement led to a 

,---/ -- / limiting of raactor.power to 45 megawatts beginning in March 1965 as an 

interim full power. Also, the Power Reactor Development Company's FEP&lI 

reactor had a delay of about 10 years between these same two milestones. 

FERMI was licensed far a 200 megawatt operation while the plant w'as de- 

signed with a 430 megawatt capability. The maximum power operation 

attained was 200 megawatts. AEC headquarters officials informed us that 

full power operation (200 megawatts) was delayed as a result of (1) a 

reactor incident, and (2) financi/adproblems. Conversely, full power was 

achieved in about I4 months for France's PHENZX fast reactor. 

AEC officials advised us also that the delays in the FFTF have not 

caused the delays that have occurred in the commercial LMFBR program. 
f 

-(In 1973 AEC estimated initial commercial plant operation in the mid- 

1980s ani in 1974 congressional hearings AEC stated the date would be in 

the late 1980s.) AEC attributes this slippage to delays in the demon- 

stration plants which iE states are not controlled by FFTF availability. 
- 21 - 
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AEC officials further advised us, however, that after completion of 

construction of the PFTF and attainment of full power operation, it will 

.- 
l . 

take about 30 months to test out the initial fuel which will be used in 

the FFTF and in the first demonstration plant. Ten years has been the 

. approximate time it (has taken to bring a light water reactor plant into I 
opera:ion from the time of ordering. Assuming the same timeframe for 

LYFRRs and no further delays in demonstration plant or FFTF development, 

._ th's could mean the earliest date that the first commercial plant could 

be i'n operation would appear to be abourthe early 1990s. 

; SYSTEM PERFORMANCE EXPERIENCE 

Some af the design features of the FFTF are now substantially 

different from those that ARC envisioned in the beginning. Several 

major design changes were made during the concep;ual design period I 
1 

through 1970. Most notable of these were a change in reactor core 

configuration, a reduction in the number of closed test loops, consoli- 

dation of separate fuel examination and maintenance cells., and deletion 

of the Eiuclear Proof Test Facility (NPTF). We believe that these changes 

in design may limit the number and type of experiments that can be performed. 

ARC headquarters officials stated, however, that there have been no reduc- 

tions in the capabilities of the facility as a result of design changes. 

- 22 - 
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As initia:ly conceived in a 1965 conceptual design study, the FFTF %', 

'was to have been-C%OO-megawatt facility for performipg fast neutron1 
\i 

. 

-. 

irra;iiation testing of 
! 

reactor fuels and structural materials for fast 

\ . breeder-reactors. The intent was to make maximum use of components al- 
~ .. 

ready proven %n sodium-cooled r / ctor service. The FFTF was to include 
fi 

.._. ----..Q! a fast flux reactor w.ith Instrumented test 10ops,~ (2) several cells 
--'-- ‘1 -------. 

-l- for nondestructive examination of fuels and materials, and (3) a facility 

/- 
for verifying planned tests a? core loading. 

.I The overall objectiv? of the FFTF were: . 
/ / 

\ 

\ ‘% 
,Q) -An adequate .';cantrolled and instrumented environment in 

/' '. 2 
a fast flux, representative of LMFBR reactors, for testing _-- 
instrumented fuel specimens, fuel rods, fuel sub-assemblies, 

and clad material. 

1. At birth, neutrons travel w th a continuous range of velocities corresponding 
to an averlge 2 million v 02 ts. They are referred to as "fast" neutrons 

:i 
c 

from that point to a reduced velocity of about 100 thousand volts. About 
? 

67 percent of the FFTP's neutrons are expected to be fast. 
.j 
2; g i 

2A loop ls a physically isolated instrumented test space in which coorant 
temperature and flow rate are controlled to meet the needs of the 
experimenter. An open locp utilizes the common reactor coolant while a 
closed Loop uses an isoiated coolant system. 
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(2) Capabilities to test fuel up to and'including failure .in 

dynamic sodium. 
. 

(3) Reliable plant performance (high and predictable plant factors). , 
/ I (4) Mea,ns to test fuel for short time pericds. 

(5) No&destructive fuel examination.cayability. 

(6) A facility servjcing all U.S. fast flux requirements. 
I /- _.--- -: 

Analysis of-major . 
design changes i 

'_ 
' The extent and nature of major changes made in FFTF design features 

_ -. 

'. 

are described in detail below. 
.--_. 

Closed loops _ --- 

At time of authorization, one primary objective of the FFTF was that 

of "reliable closed loop testing." The closed loops were to be used for 

fuel testing up to and including the point of failure (fuel meltdcm), and 

were considered to be a key to a successful fuel developmen+. prcqram. for 

1 future breeder'reactars. Meltdown in a closed loop would produce a temporary 1 
loss of a loop for many months due to nuclear contamination but the remainder 

of the facility could continue the testing function. No fast reactor now 

' exists in the korld which has the equivalent of the highly instrumented 

and controlled envjronment that should be available in the closed loops. 

r  

8 

ARC now plans to have two closed loops installed in the FFTF at 

reactor startup with two additionai closed loops about l-1/2 years after initial 
I 

power operatious compared to four or more closed loops at project authori- 

zation. The project data sheets show a reduction in the diameter of some 

closed loop test positions. The effect of these c 'anges would be a reduction 

iin volume of test space, 
i, 

I t 
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A summary of the changes made in the number and diameter of closed. 

loops to be included in the FFTF as shown on construction project data 

. sheets is presented below. 

?is.cal year 
1 

Closed loops~ 
Number of Diameter of 

test positions position 

1968 (project authorization) 4 or mar? 
1969 4 or more 
3970 no specific n-umber 
1971 (start of construction) a 
1972 no specific number 
1973 no specific number 
1974 no specific number 
1975 no specific number 

up to about 6 inches 
up to about 6 inches 
up to about 6 inches 

a 
up to about 4 inches 
up to about 4 inches 
up to about 4 inches 
up to about 4 inches 

% o construction da:a sheet submitted to the Joint Committee. 

Reductions in the number of closed loop test positions could have an 

impact on the overalL LMFBR program schedule. ARC officials feel that there 

has not been a reduction in the number of closed loops nor in the size of 

the loops.. They stated that :two additional loops, funded by users, will be 

inserted about 1% years after start of full-power operations and the loops 

will bc 4.7 inches which is'within the "up to about 6 inch" range specified 

in the data sheet, We believe that deferral of features originally in- 

cluded in the authorized project until after completion of the project 

and financing the features with user funds leaves little question but 

that the project at completion will be less than what was originally 

planned. 
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. -i - Flux &&. 
I- i - 

‘Tyzz --=- 

The FFTF was%B%gned to provide a capability for testing f?eis and --I 

l materials in a fast flux1 environment. In &he FFTF data sheet used"for 
* -y_F_ \ 

/ 
project authorization in i967, AEC showed a flux range of -7 to .9,x l,016nv 

. (neutrons per square cent-fTei.er per second) for the initial ccre. An 
_. -- L- 

ultimate flux capability of 1.3 x 1Ol'nv was also proposed in the data 
, 

sheet, but to achieve a, E( ux of 
/ 

this magnitude would require changing to 
-_ -- \. 

--. --an advanced fue-l--c@re. 
..->.. _ 

-- AEC believes, that the initial flux will se approximately .7 x 1016nv. 
-. 

> /- 
\ 

; , The data sheet submitted for fiscal year i975 shows peak flux at 
/ / 

\.~ :I _ 
1 . 3-x 101%; . T /= ,-j .., - /" 

e agency submitted supplemental data to the Joint Commit- 

tee in February 1974, showing that the pt~k flux to be attained with 
_- 

advanced cores is now expected to be equal to or greater than 1.0 x 10 16 nv. 

While the initial flux of the FFTF will be within the range that AEC 

considered necessary at prcject authorization, It will be at the low end 

of that -range. Higher FZIYF fluxes are expected to be obtained with 

advanced cores, but the first use of this type of core is not expected 

for 5 to IQ years after initial reactor startup. Agency officials believe 

that since the FFTF's in-dial flux will be the ssme as that being designed 
f 

for the first LHE'BR demonstration plant, and the capability exists to 

upgrade the FFTF, the FPTF flux will satisfy both the near-term and 

long-term goals of the program. 

1 Flux is the rate of transfer of fluid, particles, or energy across a 
given surface. As used in this staff study, the particles are neutrons. 
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Short-term tesa 
\ 

capability 1 

One of the six original objectives OL F the FFTF was to test fuels 

for short timp periods, i.e., minutes or even seconds. This capability 

was referred to as the "Short-term Irradiation Facility." 

I , 
A cost reduction task force in June 1969 'concluded, however, that 

I 
.- _ _ 

project costs could be reduced by several hundIed thousand dollars through 
_- -- __ I 

deferral of&e short-term irradiation facility. AEC deleted the facility 
I 

from the FFTF. Agency officials-stated that this facility was not deleted 
-. . . -_ 

because‘of the cost savings involved, but because of the lack of a defined 
.-._ 

need for the facility. They~also advised us that a capability still exists 

for installing such facilities (in closed loop positions) if future needs 

are identified. 

Outlet temperature 
of coolant 

During project authorization hearings, AEC advised the Joint Committee 

that the maximum design objectrse is 800-1,200 degrees Fahrenheit mixed 

mesn core outlet temperature but initialiy the temperature objective will 

probably be in the range of 800 to 1,000 degrees. These objectives were 
I 

based upon ax expectation that fuels and materials in future fast-breeder 

reactor cores will eventually be exposed to extreme sodium temperatures. 

A 1969 COSt/ reduction task force concluded thet one way to reduce costs 
1 

was to reduce thr reactor outlet temperature from 1,200 degrees to 1,000 

degrees Fahrenheit. The actual mixed mean core outlet temperature for which 

the FFTF is currently designed is 1,100 degrees Fahrenheit with an initial 



; . -. 
. 

core operating temperature of 900 degrees. AEC officials informed us that 

- their assessment of future LXFBR outlet temperatures indicates that an i,lOO 

degree core outlet temperature would meet JXFBR needs since it is prototypic 
. 

- of the Clinch River Breeder Reactor and probable commercial plant core outlet 

. temperatures. 

I Examination and 1 
maintenance capabilities 

&EC's authorizing construction project data sheet included a requirement 

I. . 
:. 

of facilities for interim fuel examination. The project data sheet a;30 

included a maintenance facility to enable remote removal and replacemerit 

of major FFTF components. 

In April 1970 both the examination and maintenance facilities were 

deleted from the project and replaced by a single cell inside the containment 

building in order to reduce costs. The single cell has a much smaller working 

space than that of the:deleted facilities. In fact, in 1971, the Senior Site 
, 

Representative for AEC'$s Division of Reactor Development and Technology 

referred to the new cell in the following way: 

"*** it's really not much more than a pit where you can clean 
subassemblies and,examine them to determine whether you want 
to put them back in the reactor or ship them off * * *“' 

He also stated at.that t;ime that, while some AEC facilities at 

Richland, Washington could be modified to handle irradiated FFTF fuel, 

they "don't come close to what we need * * *." 

AEC officials stated (I) a review of official site reports issued 

in 1971 did not support the above quotation which appeared in a magazine 

article published in December 1971, and (2) a fairer description of the 

cell is as follows ‘_ . 



, 

"The Interim Examinat$$----. 
c., - ._ ->* 

n/Halntenance (IEM) Cell is a shielded, hot-/ 
--==+ 

cell complex which houses the remotely operated equipment necessary \ 
for the performance of nondestructive examination of core components 
and the maintenance of reactor ,plant equipment in accordance with 
the design reiSi%ents. .\ 

,' 
ThkIEK Cell consists of a main cell area, a cell annex, four operating 

I 
. 'pat leries, and the necessary remote equipment to accomplish the cell 

I _~ t, ope *ions. x \ 

Main Ce.11. The main cell con 
deep and the second 20' x) 4ri 

.- 
'sts of two regions: One 20' x 14' x 48' 

' x 55' deep. Cell ceiling valves over 
.-._ +he main cell are provided for transfer of core components and main- 

. 
-:---.. _ tenance equipment in aiid out of the IEM cell. 

Cell Annex. The cell annex is 10' x 14' x 34'-11" deep. An access 
--- plug is provided over the cell annex for initial equipment insertion 

- - 
I- and subsequent removal durikg major shurdotwns following deactivation 

I for maintenance or modifjications. The configuration of the cell 
annex affords the capability of unobstructed right-angle viewing of 
the- annex operatio 

1 ._-_.: 
. 

\ . . 7 
Equipment. AGproximately 100 equipment items for handling, viewing, 
throughThe-wall transfer, sodium removal, disassembly/reassembly, 
measurements, receiving, storage, and maintenance are provided to 
fulfill the ce13 function." 

FFTF maintenance needs could also limit the cell's availability 

for examination purposes. Keeping the reactor and its associated systems 

in running condition would generally take priority over examination func- 

ticns, and the cell will not be large enough to pe,mit both the examina- 

tion and maintenance functions to be performed simultaneously. 
/ 

As a result, 

ff key pieces of equipment need to be repaired in the cell, on-going tests 

will h&ve to be terminated until the required maintersnce is performed. 

According to one contractor official, sufficient space will not now 
I 

be available for equipment needed to perform'some of the planned repair i 

functions or tests. He advised us that the reduced working space will 

, result in the cancellation of several planned on-site examination tests; 

a reduction in the number of fuel assemblies that can be disassembled 
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. --. -____---_ -2 --__ ^ __-- -- -. . ..- 
. 

. 
* , 

and examined during a given period o f time; ank will require more ship- 
I 

ments of tes? specimens to examination facilities at other locations. We 

l were also informed that the number of test specimens that will be gene- 

rated by the , PFTF could be substantially greater than the current dis- 
. I 

, assembly and examination capability. Because of this, and the fact that 
I 

the cell is the only structure in the United S c ates with a sufficient 
I 

height to disassemble certain&F fuel:'and makerial test assemblies, we 
--i 1. --- . I 

believe that a backlog of fuel assemblies awaiting examination may some- 
I L I 

times occur. j '1 .._ '\ ._ 
I ._ 

'x.. -- __ -_ 
MC'feels this apilies to a relatively small number of assemblies and 

stated that the FFTF interime%mination facility can perform all planned 

functions and tests, except neutron radiography which requires extensive 

and costly facilities that are usually separated from other examination 

cells. ARC believes it is more economical to move the fuel pins from 

FFTF for this operation to an existing facility with this capability at 

the Hanford site. For the total LMFBR program AEC believes that the work- 

load of the cell and off-site facilities may reach a point where a new fac- 

ility vi11 be needed in the 1980-84 period. AEC currently has a committee 

' evaluating the'combined.capability of the cell and off-site facilities to 
I 

handle the LMFBR workload. ARC also stated that only preliminary testing 

plans for the project have been prepared , consequently comments on the 

final. use of the cell-are now conjectural. 

We were unable to determine the full impact that the above changes 
I  

may have upon tihe overall schedule of the LMFBR progra.m, but believe they , 
! 

4  could be substantial. 

i 
!,;’ 
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Nuclear proof test facility 

The FFIF, as authorized, included a facility for verifying the accuracy i 
4 
:1 

of p.hysics calculations before conducting experimenta in the FFTF reactor. 

I 
c 

This facility, known as the NPTF, was to have been used for pre-startup 

experiments to reduce the time needed for FFTF startup and to increase 

the availability of the FF'l!F reactor for performing fuels and materials 

The NPTF was, however, deleted from the scope of the FFTF 
? 

experiments. + 
4 
6 

. . 
project prior to the start of construction. 

The original project scope documents described the NPTF as an 

. 
integral part of the FFTF structure. The facility was to consist of a 

nuclear simulation of the FFTF core, a mockup cell, a fuel storage vault, a 

control room, an assembly work room, and necessary support equipment at 

an estimated cost of $1.3 million. 

In January 1969, AEC deferred construction of the NPTF because the 
1 

estimated cost had grown to $9 million. AEC jus,ified the deferral on' ! i 
i c: 

the grounds that available scientific manpower for design of the NPTF 
/ 

was needed for other aspects of the project. AEC's Director, Division 

of Reactor Development and Technology, in reference to this deferral, 

stated that: 

"***RDT reluctantly has decided that all work on NPTF should be 
stopped immediately and further work on the NPTF should not be 
considered until such a time that there is ample evidence that 
progress on the overall FFTF project is satisfactory and that 
we collectively believe that efforts such as for the NPTF could be 
picked up in an expeditious manner. At such a time, it would, 
of course, be appropriate to determine whether or not the 
priority for the NPTF is such to warrant the additional effort. 
Thus, it appears essential to develop plans on the basis that 
the NPTF will not be available for the initial startup of the 
FFTF. In formulating their plans, PNL (FFTF contractor) should 
assume that the NPTF will be available for operational support 
of the FTF (reference to FFTF) at some time after startup." 

. 

. * 

-- . 
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\-. 

AEC, however, has--no current plans for constractirig the NPTF,.%J~~~Y~-- 
'\.-.- _ \ has space been provtded In the FFTF stroctilre fcr ad:!ing such a facil.ity 

, ' i 
at a later date. --_>osts for such construction are not included in curren!; 

\ 
~rgi&n estimates. 

\ i 
i I . J..- AgeFcy officials advised us that the need for rhe NPTF was virtu?lly' 

_-- . i 

-_ 

eljminated when the decision was n?ade in 1968 to use the vertical core, 
! 

/ 
--. since its behavior is morS?ipredictable than that of the complex skewed 

‘-i I* 
--. _- 

core‘initially conceived, and the core has been the subject of an extensive 

critical equipment program. 

MATTERS FOR CONSIDERATION \ 
/ 

When autIr&izing &mplex research and development projects, the 
A 

-&igress may wis I/ to require that XX's supporting cost and schedul-e esti- 

mates be Cl) complete as to the inclusion of all majcr associated project 

costs, and (2) based upon relatively firm designs. Critical milestone 

estimates should be submitted to the Congress in t timely manner to pre- 

clude incurring substantial project costs betore sufficient dirta is 

avatiable for infomed decisions. Also, when such estimates are based 

upon conceptual, designs, the likelihood of overruns is substantially 
_. 

increased. When major &st &creases 
/ 

appeal: likely, AEC should promptly 

advise the Congress of the anticipated cost increases end changed or 

redefined critical milestones. 

The joint Committee for Atomic Energy may wish to explore with the 

AEC the desirability of adding separate examination and maintenance 

facilities to provide such additional capabilities to assist in meeting 

the Nation's goal of energy self-sufficiency. 
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AEC concurs with the above suggestionsand stakes that action has 
. 

been taken consistent with the GAO comment concerning submission of appro- 

;, 
priate supporting information to the Congress for consideration in author- 

*; izatiok hearings. 
I 
AEC also states that examination and maintenance 

P facilities would aiso be pertinent to the LMFBR prpgram and is evaluating 

I 
the need for such 

I 
facilitfes as a part or’ that irogram. 

/ 
,,i / 
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